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57 ABSTRACT 

An isostatic press comprising an upstanding, hollow cylindri 
cal vessel body which has both upper and lower ends sealed 
with plug type closures held in place by a yoke structure. The 
pressurization within the closed vessel is applied to a hydraulic 
structure to continuously lift the vessel body into contact with 
the upper closure when a predetermined pressurization is ex 
ceeded. In one embodiment the hydraulic structure includes a 
lower closure seal having a diameter which exceeds the diame 
ter of the upper closure seal. In another embodiment the 
hydraulic structure includes hydraulic cylinders, which are 
connected by fluid passages to the interior of the pressure ves 
sel, and which exert an upward force on the vessel body by 
means of extendable piston rods. 

5 Claims, 3 Drawing Figures 
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1. 

YOKETYPESOSTATIC PRESS 

BACKGROUND OF THE INVENTION 

In many isostatic pressure vessels it is necessary that a fixed 
dimensional relationship be maintained between the cylindri 
cal vessel body and the upper closure. One such type is the 
fixed mold or "dry bag' assembly. In such an assembly a 
rubber mold, or so called dry bag, is supported in the annular 
corner formed by the upper edge of the vessel body wall and 
the upper closure. If a relative movement occurs between the 
upper closure and the vessel body while the isostatic press is 
pressurized, the rubber mold will be forced upward, shearing 
its mounting lugs which are fitted into the vessel wall. 

This problem does not normally occur in pressure vessels 
having threaded closures. In pressure vessels where the upper 
closure is retained by an external structure such as a yoke, 
however, by the inherent nature of such a structure a signifi 
cant elastic deformation may take place upon pressurization. 
This allows a gap to form between the upper vessel wall and 
the upper closure. Since the vessel body normally rests upon 
the lower closure (due to its weight), all of the separation is 
manifested between the upper closure and the vessel body. In 
a typical design this separation can be of the order of mag 
nitude of one-half inch. A rubber mold fixed to the vessel by 
lugs would be destroyed under such circumstances. 
The present invention overcomes these and other disad 

vantages as will be apparent from the following summary and 
description of the invention. 

SUMMARY OF THE INVENTION 

In accordance with the invention, there is provided a high 
pressure vessel comprising an upstanding, hollow, open-ended 
vessel body, an upper and a lower plug type closure, and clo 
sure seals for the vessel body. An elastically deformable sup 
port, such as a yoke structure, retains the upper closure in a 
sealed relationship with the vessel body. The vessel body rests 
upon the lower closure. Hydraulic means are provided for 
utilizing the pressurization within the closed vessel body to lift 
the vessel body and to maintain it in continuous contact with 
the upper closure after a predetermined pressurization within 
the closed vessel body is exceeded. 

In one embodiment of the invention the upper and lower 
closure seals are dimensioned relative to each other such that 
the radial, cross-sectional area bounded by the lower seal ex 
ceeds the radial, cross-sectional area bounded by the upper 
seal. The difference in the cross-sectional areas is at least 
equal to the quotient of the weight of the vessel body divided 
by a predetermined pressure which is less than the minimum 
pressurization necessary to cause the upper closure retaining 
support structure to elastically deform. This difference 
between the cross-sectional areas of the lower and upper seals 
is acted upon by the pressure within the vessel to produce a 
lifting force equal to the weight of the vessel body at the 
predetermined pressure. 

In a 25 inch internal diameter cylindrical pressure vessel of 
one embodiment of the invention the diameter of the lower 
seal exceeds the diameter of the upper seal by one hundred 
and sixty eight thousandths of an inch to form an annulus 
which when multiplied by a low pressure, such as 2,000 p.s. i., 
will represent a lifting force equal to the weight of the vessel 
body, or about 6500 pounds. At a higher pressure the vessel 
body is pushed firmly against the upper closure. 
At this relatively low pressure (an isostatic press normally 

operates at pressures in excess of 10,000 p.s. i.), there is sub 
stantially no deformation of the supporting yoke structure so 
that negligible separation takes place before the pressure in 
the vessel body is sufficient to lift it. Thus a constant geometri 
cal relationship is maintained to accommodate a fixed mold, 
or for such other reasons as may be dictated by a specific 
process. 

It is a concept of the invention to use pressure within the 
vessel body to create a balancing force which will, at low pres 
sure levels, lift the vessel body into contact with the upper clo 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

2 
sure. Although in one embodiment this is accomplished by 
having the cross-sectional area bounded by the upper closure 
seal, in another embodiment the internal pressure is applied to 
a set of auxiliary hydraulic cylinders having a combined area 
sufficient to lift the vessel body in contact with the upper clo 
sure when the vessel is subjected to a predetermined internal 
pressure. 
The foregoing and other objectives, features, and ad 

vantages of the invention will be more readily understood 
upon consideration of the following detailed description of 
certain preferred embodiments of the invention, taken in con 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view in central vertical section of a high pressure 
vessel of one embodiment of the invention; 

FIG. 2 is an enlarged sectional view taken generally along 
the line 2-2 of FIG. 1; 

FIG. 3 is a diagramatic view of a second embodiment of the 
invention. 

DESCRIPTION OF CERTAIN PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1 there is shown a pressure vessel 10 
with an open-ended, hollow cylindrical vessel body 12, a 
lower, plug type closure 14 and an upper, plug type closure 
16. The vessel body 12 rests upon a shoulder 18 of the lower 
closure 14. The lower closure 14 rests upon the supports 20. 
The upper closure 16 is restrained in place by a yoke assembly 
22 which surrounds the pressure vessel. 
The upper closure 16 is sealed against the upper, interior 

edge of the vessel body 12 by an annular seal 24. Slightly 
below the upper edge of the vessel body 12 is an interior, an 
nular groove 26. This groove 26 accepts a lug 28 on a rubber 
mold 30. The rubber mold 30 is in the shape of a bag and the 
material to be compacted (not shown) rests inside the bag. 
The mold 30 is supported by metal meshwork 32. Fluid (not 
shown) enters the vessel outside of the bag through the check 
valves 34 in the lower closure 14. The fluid is pumped in under 
high pressure and exerts an isostatic pressure about the bag, 
compacting the material inside of it. 
The pressurized fluid tends to force the closures 14 and 16 

outwardly, but because the vessel body 12 rests upon the 
lower closure 14 any separation which occurs between the 
vessel body and the closures due to the elastic deformation of 
the surrounding yoke assembly 22 is manifested between the 
vessel body 12 and the upper closure 16. The rubber mold 30 
is forced by the pressurized fluid into the annular corner 
formed between the upper edge of the pressure vessel body 12 
and the upper closure 16. Separation of the upper closure 
from the vessel body due to elastic deformation of the yoke as 
sembly 22 would shear off the lug 28 in the groove 26. This 
would ruin the rubber mold because the fluid would then be in 
communication with the material being compacted. 
The embodiment of FIGS. 1 and 2 overcomes this problem 

by having an enlargement of the interior diameter of the vessel 
body at its base and a lower seal for the lower closure which is 
greater in diameter than the upper seal. The enlargement pro 
vides an annular cross section at the base of the pressure ves 
sel body upon which the pressurized fluid within the vessel 
may act in an upward direction to continuously lift the vessel 
body into contact with the upper closure during pressuriza 
tion. 

Referring now more particularly to FIG. 2 a portion of a 
lower seal 36 is shown in section and in enlarged form for pur 
poses of clarity. The seal 36 is seated in an L-shaped annular 
recess 38 at the upper periphery of the portion of the lower 
closure 14 which is inserted into the opening of the vessel 
body 12. The lower seal 36 is comprised of an annular sealing 
ring 40 which has a substantially rectangular cross section. 
The sealing ring 40 has an L-shaped annular, recess 42 in its 

upper and outer corner. Within this recess 42 is seated an O 
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ring seal 44 which is squeezed between the sealing ring 42 and 
the interior wall of the vessel body 12 when the lower closure 
is in place. In the diagonally opposite, interior corner of the 
sealing ring 40 is another annular, L-shaped recess 46 within 
which is seated still another O-ring 48 which is squeezed 5 
between the sealing ring 40, and the lower side of the annular 
recess 38, and the side of one leg of an L-shaped retaining ring 
50. The retaining ring 50 is affixed by screws 52 to the interior 
corner of the recess 38. The sealing ring 40 is held firmly in 
place by the other leg of the L-shaped retaining ring 50. 
As can be more clearly seen in FIG. 2 the vessel body 12 un 

dergoes a cross-sectional enlargement 54 of its internal diame 
ter at a point just above where the O-ring 44 is in contact with 
the vessel wall. It is upon this cross-sectional enlargement 54 
that the pressurized fluid acts to exert an upward force which 
lifts the vessel body 12 into contact with the upper closure 16. 
The magnitude of this enlargement 54 varies with design of 
the pressure vessel and particularly with its weight. 
For any specific pressure vessel the upper and lower seals 20 

are so dimensioned relative to each other that the radial, 
cross-sectional area bounded by the lower seal exceeds the 
radial, cross-sectional area bounded by the upper seal by at 
least an amount equal to the quotient of the weight of the ves 
sel body divided by a predetermined pressure which is less 
than the probable minimum pressurization necessary to cause 
the yoke assembly to elastically deform. For a typical pressure 
vessel this predetermined pressure may be of the order of 
2,000 p.s.i. 
The above description can be reduced to a mathematical 

equation based on the vertical forces being exerted on the ves 
sel body and the closures by the internal pressurization. The 
equation allows a rough determination of the radial magnitude 
of the enlargement 54 to be made for purposes of design: 
Where 
P = a predetermined pressure which is 
less than the minimum pressurization 
necessary to cause the yoke assembly 
22 to elastically deform; 
R = the internal radius of the vessel 
body 12 below the cross-sectional 
enlargement 54; 
r= the internal radius of the vessel 
body 12 above the cross-sectional 
enlargement 54; 
W = the weight of the vessel body 12; 
pi = the standard mathematical constant; 
PX (cross-sectional area of enlargement 50) = W 
PX (pi XR-piX r) = W 
PXpi X (R-r) = W 

R - r = the radial magnitude of the enlargement 54 
R - rst W 
PX piX (R+r) 

Since the term (R+ r) is several orders of magnitude larger 
than the term (R-r), the term (R+r) may be approximated 
for purposes of an initial vessel design by the term D where 
D = the average internal diameter of the vessel body 
Thus R - r = W 
PX piX D 

In one preferred embodiment of the invention the values of 
the above variables are substantially as follows: 
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6,500 pounds 

(Thus the difference 
of the diameters of the 
upper and lower seals is 
0.168 inches) 

R 

W 

With these values the vessel body will be lifted firmly in con- 70 
tact with the upper closure for pressurization in excess of 
2,000 p.s.i. 
Another embodiment which maintains a constant dimen 

sional relationship between the vessel body and the upper clo 
sure is shown in FIG.3 as comprising a vessel body 100 having 75 

4. 
an upper closure 102 which is restrained by a yoke assembly 
104. A dry mold in the form of a bag 106 is lug mounted at the 
upper interior edge of the vessel body 100. The upper closure 
102 is sealed against the vessel body 100 in the same manner 
as the upper closure 16 of the embodiment of FIGS. 1 and 2, 
however, the lower closure 108 is sealed against the vessel 
body in a standard manner utilizing O-rings without a cross 
sectional enlargement of the vessel's internal diameter. 
The vessel body 100 is forced into contact with the upper 

closure 102 by means of a plurality of hydraulic cylinders 110 
which are mounted about the base of the vessel body and 
welded or otherwise affixed to its outside walls. Each cylinder 
110 has a piston rod 112 protruding downwardly and pivotally 
affixed to the portions of the lower closure 108 which projects 
beyond the bottom of the vessel body. 
The cylinders 110 are connected as a group by a piping net 

work 114 which in turn is in communication with the fluid 
pressure supply 116 and the piping system 118 which connects 
to a fluid input check valves 120 in the lower closure 108. 
Thus when fluid under pressure from the source 116 enters 

the interior of the isostatic press through the check valves 120, 
fluid at the same pressure is also applied to the pistons within 
the cylinders 110. The combined cross-sectional area of the 
pistons within the cylinders 110 is calculated such that at a 
predetermined pressure, such as 2,000 p.s. i., which is less than 
the minimum pressure necessary to deform the yoke assembly 
104, the upward force exerted by the cylinders upon the vessel 
body 100 will lift it firmly against the upper closure 102. In 
this way a constant dimensional relationship is maintained 
between the vessel body and the upper closure to protect the 
lug mounting of the mold 106 from shearing. 
The terms and expressions which have been employed 

herein are used as terms of description and not of limitation, 
and there is no intention, in the use of such terms and expres 
sions, of excluding equivalents of the features shown or 
described, or portions thereof, it being recognized that various 
modifications are possible within the scope of the invention 
claimed. 
What is claimed is: 
1. A high pressure vessel comprising an upstanding vessel 

body open at both ends, an upper and a lower plug type clo 
sure for the open ends of the vessel body, means external to 
the vessel body for retaining the upper and lower closures in a 
sealed relationship with the ends of the vessel body, means for 
internally pressurizing the sealed vessel body, and hydraulic 
means for applying the pressure within the sealed vessel body 
to exert an upward, lifting force upon the vessel body. 

2. A high pressure vessel comprising an upstanding, open 
ended vessel body, an upper and a lower closure for the vessel 
body, an upper seal between the upper closure and the upper 
open end of the vessel body and a lower seal between the 
lower closure and the lower open end of the vessel body, an 
elastically deformable support for retaining the upper closure 
in a sealed relationship with the vessel body, the upper and 
lower seals being so dimensioned relative to each other that 
the radial, cross-sectional area bounded by the lower seal ex 
ceeds the radial, cross-sectional area bounded by the upper 
seal by at least an amount equal to the quotient of the weight 
of the vessel body divided by a predetermined pressure which 
is less than the minimum pressurization necessary to cause the 
upper closure retaining support to elastically deform. 

3. A high pressure vessel comprising an upstanding, hollow, 
cylindrical vessel body open at both ends and having an annu 
lar cross-sectional enlargement of its interior diameter inter 
mediate its ends, an upper plug type closure for the vessel 
body, a lower plug type closure for the vessel body beneath 
the cross-sectional enlargement in the vessel body, and an 
elastically deformable means for retaining the upper and the 
lower closures in a sealed relationship with the vessel body, 
the radial magnitude of the enlargement in the vessel body in 
terior diameter being at least equal to the quotient of the 
weight of the vessel body in pounds divided by the product of 
a predetermined pressure which is less than the minimum 
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pressurization necessary to cause the retaining means to elasti 
cally deform times the average diameter of the vessel body in 
inches times the mathematical constant pi. 

4. A high pressure vessel as recited in claim 3 wherein the 
radial magnitude of the enlargement is at least equal to the 
quotient of the weight of the vessel body in pounds divided by 
the product of 2000 p.s.i. times the average diameter of the 
vessel body in inches times the mathematical constant pi. 

5. A high pressure vessel comprising an upstanding, hollow 
vessel body open at both ends, an upper plug type closure, a 
lower plug type closure, means for retaining the upper and the 
lower closures in a sealed relationship with the vessel body, a 
plurality of hydraulic cylinders affixed to the exterior vessel 
body wall at equal intervals, each of the cylinders having an in 
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6 
ternal piston and a piston rod extending from the cylinders, 
means for restraining the projecting ends of the piston rods so 
as to be longitudinally immovable relative to the lower clo 
sure, and means for injecting fluid under pressure simultane 
ously into the cylinders and into the hollow interior of the ves 
sel body while it is in a sealed relationship with the closures, 
the combined cross-sectional area of the pistons being such 
that for a predetermined fluid pressure within the cylinders, 
which is less than the minimum pressure necessary within the 
sealed vessel body to cause the closure retaining means to 
deform, the cylinders will exert a lifting force on the vessel 
body at least equal to the weight of the vessel body. 

ck k k k xk 
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